Mortality is higher in patients with leptomeningeal metastasis in spinal cord tumors
Mortalidade é mais elevada na disseminação metastática leptomeníngea em tumores da medula espinhal Spinal cord tumors are rare neoplasias of the central nervous system (CNS), and metastases derived from these tumors occur in a minority of patients 1 . Ependymomas and astrocytomas are the most common spinal cord tumors, depending on the patient's age group. They correspond to more than 80% of the cases and usually present benign clinical and histological characteristics 2, 3 . Although these tumors have been studied for many years, there are few publications about mortality or analysis of survival rates in patients with intramedullary tumors 4, 5 . Previous studies about mortality from neoplasm of the spinal cord specifically identified the malignancy in the histopathology as being the most important predictive factor, but they did not address death due to metastatic dissemination 4 . Today, advancements in imaging techniques permit a complete anatomical study of the tumor's primary area, as well as the entire CNS, enabling an investigation of small satellite lesions that could significantly impact the patient's prognosis. The current literature offers only case studies about metastases of spinal cord tumors, but little is known about mortality rates due to their dissemination 6, 7 . We analyzed the cause of death of a series of patients diagnosed with astrocytomas and ependymomas who underwent surgery, and evaluated the importance of the metastasis in contributing to mortality. This study is based on acquired experience and presents a case series on managing metastases caused by primary tumors of the spinal cord.
METHODS
The study involved 71 patients with clinical and radiological diagnoses of spinal cord tumors who underwent surgery at our institution between August 1996 and January 2011. We describe the clinical characteristics of these patients and analyze all the cases of intramedullary tumors that had spread to the CNS. The following variables were studied: age, tumor' s histology type and primary site, derivation, initial clinical symptoms, clinical classification on the McCormick scale and time lapsed until death. This study was assessed and approved by the Ethics Committee of the SARAH Network of Hospitals.
The methodology of this study involved a retrospective evaluation of patient charts to analyze the dissemination of the tumor and resultant death. All patients had been followed up by the Neurosurgery and Oncology teams of the SARAH Network.
The inclusion criteria for the study were: histological confirmation of astrocytoma or ependymoma, based on the World Health Organization's (WHO) classification criteria; presence of leptomeningeal dissemination confirmed by magnetic resonance imaging (MRI) scans; and at least one year of post-diagnosis follow-up. Patients with other histology types, short clinical follow-up or with dissemination not confirmed by neuroimaging were excluded from the study. We chose to focus on ependymomas and astrocytomas because they are the most common types of tumor with the biological tendency to spread. During this study period, we identified patients diagnosed with hemangioblastoma, intramedullary meningioma, intramedullary schwanoma, neurocytoma, ganglioglioma and melanoma. All patients were followed up until their death or until the end of the study period for a minimum of one year.
The imaging exams were independently evaluated by two different radiologists, as well as the study's corresponding author. Initially, all patients who showed clinical signs of neurological symptoms related to a tumor in an area other than the primary lesion were submitted to an MRI to investigate the region of the new symptom. After 2002, all patients with a radiological diagnosis suggestive of spinal cord ependymoma underwent MRI scans of the entire CNS for an active search of the disease (Figs 1 and 2) . Patients with tumors suggestive of spinal cord astrocytoma had MRI scans of the CNS only if there were clinical signs of neurological deficits of the brain or spinal cord corresponding to an area other than the primary lesion.
The histological study of the tumor was conducted by a group of neuropathologists from the SARAH Network with an evaluation by two pathologists for further confirmation. We conducted staining for gliomas, analysis of immunohistochemical markers, electron microscopic assessment, study of mitotic indexes and investigation into the tumor's genetics. Malignant histology was defined based on WHO criteria as grade III in ependymomas and grades III and IV in astrocytomas. The statistical analysis was done on all surgical cases in order to define Kaplan-Meier general mortality curve and define the main clinical factors associated with the cause of death. The mortality curve was conducted on patients with metastatic dissemination and compared with the general mortality curve of patients with intramedullary tumors in the entire case series. The comparative statistical evaluation was run on the SPSS version 11.0 program; univariate and multivariate analyses of the deaths were also conducted.
RESULTS
The study initially evaluated a series of 71 patients, 31 with astrocytomas and 40 with ependymomas, and identified 18 deaths during the study period, 25.3% of the sample. We then investigated six patients with spinal cord tumors (Table 1 ) who developed intracranial metastases and compared against the total group of patients with spinal cord tumors of this series. Only the patients with astrocytomas or ependymomas were evaluated. The average age at the time of diagnosis was 18; there were four males and two females. The patient's first symptoms were associated with the primary disease of the spinal cord. The diagnosis of metastasis was made after deficits in other areas of the CNS were detected in three patients. In the other three cases, the diagnosis was made after an MRI of the spinal cord and brain. In two of these cases, the diagnosis was rendered prior to the first surgery.
Five patients had a histological diagnosis of ependymoma: one with grade III WHO classification, two with grade II and another two with grade I. The patient with the astrocytoma had a WHO classification of grade II. Five cases had the primary tumor in the thoracic region and one in the conus medullaris. The preoperative clinical evaluation showed that three patients had grade IV on the McCormick scale, one had grade III and two, grade II. Two patients required a shunt for hydrocephaly. All had surgery and complementary oncological treatment with chemotherapy and radiotherapy. Three patients died less than one year after the metastasis was discovered. One is still alive more than four years after the metastasis was discovered and another two have more than six months survival and less than two years follow-up. Additional results are described in Table 1 .
Initially, the analysis of death rates was conducted on the sample of 71 cases. Univariate analysis was applied, followed by the Cox multivariate regression model ( Table 2 ). The univariate analysis revealed that tumor resection, McCormick preoperative scale, tumor histology and presence of metastasis were important factors contributing to death. The multivariate analysis showed that survival was mainly influenced by the malignant histology and dissemination of the metastasis to the central nervous system (p=0.019) ( Table 2 ). In a literature review about analysis of prognostic factors, no publications were found on metastasis and assessment of its impact on the death of patients. A general analysis of the prognostic factors for mortality revealed that malignant tumors are the most significant cause of death, with a relative risk of 8.471 (p=0.010) ( Table 2) .
The survival curve for the metastasis variable showed a significant statistical difference in the patients who did not have metastases (Fig 3) . The cases in which there were no metastases, the average survival was 110.9 months (95%CI 101.9-120.0). The patients without metastases of spinal cord tumors to other regions of the CNS had an average survival rate of 37.7 months (95%CI 12.6-62.8). There was a statistically significant difference between the two groups (p<0.0001).
DISCUSSION
Analysis of the cause of death is one of the important results in the analysis of any oncological illness 4, 1 . Mortality from spinal cord tumors is associated with histological characteristics, particularly the degree of malignancy and the cancer's progression to the upper levels of the spinal cord 4, 5, 8 . Previous studies on survival basically evaluated mortality in ependymomas and astrocytomas, since other histological types are rare and with biological peculiarities that makes it difficult to analyze them as a group 4, 5 . We studied the series of 71 patients to evaluate the specific cause of death secondary to the primary disease. After this initial analysis, we identified that metastasis was a significant factor and this data had not been previously described in other publications about survival in spinal cord tumors 4, 5 . There were no deaths due to surgical complications in our study group. Surgical resection of the tumor and the patient's clinical state are important factors in treatment; however, similar to our findings in the literature, these factors were not significant in the final analysis of the causes of mortality. Studies that analyzed only the time of free disease found that the degree of surgical resection of the tumor was an important factor that contributed to a longer period of time before relapse of the primary lesion 9 . Two studies conducted in Brazil with adult and pediatric populations showed that surgery does not impact the patient's neurological status and that it is an important form of treatment for intramedullary tumors 10, 11 . A multicenter French study on spinal cord tumors, with 73 patients operated on between 1971 and 1994 showed that malignant histology (relative risk (RR)=7.69) and clinical time of less than four months were the most important prognostic factors associated with death (RR=4.93) 4 . Tseng and Tseng conducted a study with 459 patients and demonstrated that age at the time of diagnosis (RR=2.67), high histology classification grade (RR=3.01) and types of neoplasms different from ependymomas (RR=3.51) impact mortality prognosis in patients with spinal cord tumors 5 . We studied all the cases that underwent surgery at the SARAH Network and found that malignant histology (RR=8.47) and presence of metastasis (RR=5.50) were the two most important factors associated with death (Table 2 ). This is important information for the treatment of patients with intramedullary tumors. Since these are neoplasias of more benign characteristics, compared with brain tumors for example, there is a need for long-term follow-up and knowledge of possible causes of death in this population.
The leptomeningeal dissemination of primary tumors of the central nervous system is a very well-described phenomenon, but this is more common in neuroectodermal tumors 12 . In 1906, Grund described a spinal cord tumor that extended to the subarachnoid area, and, in 1920, Rfitimeyer reported the case of a spinal cord tumor that spread to the cervix 12 . Kernohan and Ody described an oligodendroglioma of the spinal cord, whose dissemination a little beyond the primary site was discovered during autopsy 12 . Eden reported on a patient with a lumbar spine glioma who, at the time of death, had diffuse dissemination of the cauda equine tumor to the spinal cord, filling in the basal intracranial subarachnoid spaces 13 . Metastases of intramedullary tumors are rare. The presence of these lesions should be investigated by MRI of the brain and spinal cord. Mortality rates are extremely high in Table 1 . Clinical aspects of the patients with metastasis. . Myxopapillary ependymomas are considered benign tumors (grade I) of the central nervous system with high survival rates and are likely to sustain complete resection 7 . Nevertheless, an aggressive course has occasionally been described and are associated with a higher incidence of metastases 9, 13 . One theory for the leptomeningeal metastases is the risk of dissemination during surgery. The risk of surgical contamination of the wounds with tumor cells has been a concern among surgeons. Cytological exams of cerebrospinal fluid surgery demonstrate that the operation may not be the most important factor in the dissemination of post-operative tumors for the surgeon 14, 15 . Wilkins and Odom studied the surgery cytology of patients with craniotomies and found that surgical handling did not increase the dissemination of tumor cells 14 . Mavroudis, Towsend and Wilson reported a metastatizant ependymoma of cauda equine and discussed the possibility that the metastases may have been associated with the number of surgeries and the spread of ependymal cells in the subarachnoid space during the operations 15 . That theory does not explain our two cases that were diagnosed before any type of invasive procedure was performed 15 . Metastases of spinal cord tumors caused three deaths in our patient series (Fig 1) . Although there are only a few articles in the literature, Rezai et al. found disseminated lesions in the autopsy of 11 patients, without a single specific symptom 16 . It is likely that with the growing advancements in MRI imaging techniques more cases of barely symptomatic metastastic dissemination will be identified. The fact that previous case series analyzed mortality and did not assess the implications of metastasis as an important contributor may be related to the fact that those studies were not able to perform an analysis by radiological means, as is possible today 4, 5 . In our cases, there was a predominance of ependymomas over astrocytomas. Metastasis in the case of the astrocytoma may have been associated with a malignant histology pattern, something that was not seen in the cases of ependymomas. Sarabia et al. published the description of a case of a malignant astrocytoma intracranial dissemination and discussed the fact that there are only 19 other such cases described in the literature 17 . Despite having been described by Mallory in 1908, metastasis of intramedullary tumors is not well documented in the literature 17 . Although ependymomas are, in most cases, confined tumors of low malignancy, they have a greater capacity to spread into the subarachnoid space, unlike astrocytomas 8, 18, 19 . There is only one case report in the literature that describes the occurrence of a grade I astrocytoma that caused dissemination to the brain 12 . Contrary to the concept of metastasis, gliomas can originally be multicentric, presenting in various places in the CNS at the same time and able to continue between the lesions 20 .
Occurrence of these metastases changed the manner in which initial radiological evaluation and clinical follow-up is conducted of patients with spinal cord tumors at the SARAH Network of Rehabilitation Hospitals (Fig 2) . The cases reported here had higher rates of mortality than the usual spinal cord tumors. Patients admitted with a diagnosis of spinal cord tumor are now submitted to an active investigation of possible metastatic lesions due to the severity of the situation and also because of changes in the prognosis of these patients. In these specific cases, all of the patients underwent MRIs of the entire spinal cord and brain. The same recommendation was made by Fasset et al. 7 Their work demonstrated that, in pediatric patients, lesions secondary to intramedullary tumors can spread metastases throughout the whole CNS 7 .
In conclusion, the incidence of metastases of spinal cord tumors is uncommon. This study demonstrated that mortality in patients with intramedullary tumors that metastasized is higher, and is one of the main factors in the cause of death. A malignant astrocytoma is more likely to spread than benign tumors. Ependymomas, regardless of their degree of anaplasia, are more susceptible to causing metastasis than are astrocytomas. Despite the relative rarity of dissemination of spinal cord tumors, this manifestation of tumor growth should be considered in any patient with signs of brain disorders, medullary symptoms above the site of the original lesion or neurological deterioration after the removal of a spinal cord tumor. Mortality rates are high in patients with metastasis and greater than in patients with only primary lesions.
